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(57) ABSTRACT

A polarity-independent switching device for carrying and
disconnecting high DC currents has a gastight, encapsulated,
electrically insulating housing which can be filled with an
insulating gas, and at least one pair of contacts disposed in the
housing and made up of a fixed contact and a mobile contact.
The two contacts are in contact with each other in a switched-
on state of the switching device and are not in contact in a
switch-off state of the switching device. An arc driver
arrangement is included which generates a magnetic field at
least in the region of the pair of contacts, as well as a first arc
routing arrangement with which an arc produced between the
contacts is guided in a first current direction to a quenching
area arranged at a distance from the contacts.

10 Claims, 5 Drawing Sheets
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1
POLARITY INDEPENDENT SWITCHING
DEVICE FOR CARRYING AND
DISCONNECTING DIRECT CURRENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

Priority is claimed to German Patent Application No. 10
2012 112 202.4, filed on Dec. 13, 2012, the entire disclosure
of which is incorporated by reference herein.

FIELD

The invention concerns a polarity independent switching
device for carrying and disconnecting high direct current. The
switching device comprises a gastight encapsulated, electri-
cally insulating housing which can be filled with an insulating
gas, at least one pair of contacts disposed in the housing and
made up of a fixed contact and a mobile contact, where the
two contacts are in contact with each other in the switched-on
state of the switching device and are not in contact in the
switched-off state of the switching device, further comprising
an arc driver arrangement which generates a magnetic field at
least in the region of the pair of contacts, as well as a first arc
routing arrangement by means of which an arc which is
produced between the contacts is guided in a first current
direction to a quenching area which is arranged at a distance
from the contacts.

BACKGROUND

A switching device of this kind is presented for example in
U.S. Pat. No. 5,680,084 A. The housing described in the
respective patent is filled with a gas mixture containing
hydrogen. There are known other switches in which one or a
multitude of pairs of contacts are provided and which are
operated in air. When breaking such a switch, a switching arc
is produced between the pair of contacts. In alternating cur-
rent applications, this switching arc produced between the
contacts extinguishes at the natural zero passage of the cur-
rent, producing a permanent interruption of the current flow.
Especially in case of higher currents, the switching arc is
driven away from the contacts and extended until it extin-
guishes due to deionization and cooling, this being achieved
by a magnetic blowout field, which is generated by an exter-
nal system of permanent magnets or a self-magnetic field in
the switch itself generated by current paths arranged accord-
ingly. There are switches with known quench systems, for
example in the form of what are called deionizing chambers,
where the switching arc is separated into a multitude of partial
arcs and cooled simultaneously by the chamber walls and
baftle plates, causing a fast increase of the voltage of the
switching arc and therefore the arc is quenched not later than
when the driving voltage is reached, thus causing a permanent
interruption of the electrical current.

Depending on the energy content of the arc, this process
causes a variable level of thermal load on the contact arrange-
ment, together with a certain burn-off of the contact material.
Thermal load is also generated to the switching chamber
walls and the arc chutes, resulting in a limitation of the elec-
trical useful life of the switching device. The switching device
is exposed to high load during the switching process espe-
cially in case of higher arc-power, more especially in case of
reduced or missing mobility of the arc, causing a similarly
high burn-off of contacts and material changes of the switch-
ing chamber walls due to localized high thermal load.
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A high thermal load ofthe switching chambers is generated
especially in case of high direct currents, which contrary to
similar alternating currents, have no sinusoidal current curve
with a natural zero passage of the current, and therefore when
disconnecting the contacts, they generate a constant high-
power arc. To ensure a maximum possible useful life of a
switching device for direct current applications, it is therefore
indispensable to minimize the burning time of the switching
arc through fast cooling and deionization of the switching
path. In this process the burning voltage is increased rapidly,
which causes the extinguishing of the arc when the driving
voltage is reached.

In case of known arrangements for extinguishing direct
currents, where the switching arcs are driven by magnetic
blowout fields into what are called deionizing chambers and
quenched in these chambers, especially energy-rich arcs can
often re-ignite. In this case in a section of the switching path,
where the arc no longer has any direct effect, and thus the
electrical conductivity is significantly reduced in this area due
to the deionization of the surrounding air, the respective sec-
tion is re-ignited again by the arc, together with a sudden drop
of the arc voltage. Repeated re-ignitions can significantly
extend the total burning time of the switching arc, which in
turn causes an increased thermal load to the switching device.
Switching processes with frequent re-ignitions cause there-
fore a reduction of the useful life of the switching device.

A very efficient extinguishing of the arc is achieved when
instead of normal air as the switching environment, hydrogen
ora gas mixture containing hydrogenis used in a hermetically
sealed housing of the switch. It is known that due to the
significantly higher particle velocity of hydrogen molecules
as compared to air molecules, hydrogen molecules produce a
very efficient cooling and deionization of the switching path.
Asaresult, in case of switching in a hydrogen atmosphere, the
arc voltage of a freely burning arc is several times higher than
the voltage achievable in air with the same switching arrange-
ment. In practice, this means that by specifically extending
the switching arc by a magnetic blowout field, a higher arc
voltage can be generated as compared to the voltage reached
by separating the arc into a multitude of partial arcs through a
classical arrangement using baffle plates.

Encapsulated switching devices filled with hydrogen are
found in several products today in the form of compact relays
for currents up to several hundred amperes. These products
are designed especially as having a very compact arrange-
ment to carry the currents of this magnitude continuously and
switch these currents typically several thousand times. With
these compact switching chambers, however, the number of
switching operations achievable is limited in case of high
switching power due to the gradually decreasing insulating
strength.

SUMMARY

In an embodiment, the present invention provides a switch-
ing device suitable for direct current operation, the device
including: a gas-tight, encapsulated, electrically insulating
housing configured to be filled with an insulating gas. A pair
of contacts is disposed in the housing, the contacts including
afixed contact and a mobile contact, the pair of contacts being
in contact with each other in a switched-on state of the switch-
ing device, and the pair of contacts being not in contact in a
switched off-state of the switching device. An arc driver
arrangement is included configured to produce a magnetic
field at least in the region of the contact pair. A first arc routing
arrangement is included with which an arc, produced between
the contacts, is guidable in a first current direction to a
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quenching area of the housing, the quenching area being
arranged at a distance from the pair of contacts. A second arc
routing arrangement is provided such that an arc produced
between the contacts is routed in the first current direction
opposite to a second current direction in the direction of the
quenching area. The fixed contact is connected to a housing
bottom. The housing bottom is arranged opposite to the
quenching area. The bridge contact piece includes an actua-
tor, the actuator being driven through the housing bottom
through a flexible gas seal.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in even greater
detail below based on the exemplary figures. The invention is
not limited to the exemplary embodiments. All features
described and/or illustrated herein can be used alone or com-
bined in different combinations in embodiments of the inven-
tion. The features and advantages of various embodiments of
the present invention will become apparent by reading the
following detailed description with reference to the attached
drawings which illustrate the following:

FIG. 1 is a perspective cross-sectional view of the switch-
ing device according to a first embodiment of the invention;

FIG. 2 is a perspective view of the switch arrangement of
the switching device according to FIG. 1, without a housing;

FIG. 3 is alateral view of the switch arrangement according
to FIG. 2 in a longitudinal section;

FIG. 4 is a lateral view of a quenching device of the switch-
ing device according to FIG. 1;

FIG. 5 is a perspective view of the quenching device of the
switching device according to FIG. 4;

FIG. 6 is a perspective view of a further embodiment of the
switching device according to the invention;

FIG. 7 is a cross-sectional view of the switching device
according to FIG. 6 in a lateral view.

DETAILED DESCRIPTION

The switching device for direct current operation accord-
ing to the invention comprises a gastight encapsulated, elec-
trically insulated housing which can be filled with an insulat-
ing gas. The housing accommodates at least one pair of
contacts made up of a fixed contact and a mobile contact,
where the two contacts are in contact with each other in the
switched-on state of the switching device and are not in
contact in the switched-off state of the switching device.
Preferably two such pairs of contacts are provided for each
pole to implement a double interruption.

Such a switch is preferably for high direct current opera-
tion, with a similarly compact arrangement and polarity inde-
pendent high electrical switching capacity at high switching
frequency and high total number of switching operations.

An arc driver arrangement generates a magnetic field at
least in the area of the pair of contacts or pairs of contacts,
especially a homogenous magnetic field essentially, which is
also designated as a blowout field and is suitable for driving
one or a multitude of arcs. A first arc routing arrangement is
provided to drive an arc produced between the contacts and
having a first direction of current in the direction of a quench-
ing area of the housing located at a distance from the contacts.
The quenching area refers initially to an area within the hous-
ing, which is located sufficiently far from the contacts to avoid
damage caused to the contacts by the effect of the arcs. Appro-
priate additional measures which are described as preferred
embodiments can be provided in the quenching area to extin-
guish the arc.
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According to the invention, a second arc routing arrange-
ment is provided in such a manner that an arc produced
between the contacts and having a second direction of current
opposite to the first direction of current is also driven in the
direction of the quenching area.

Itis advantageous in this case that both arc routing arrange-
ments are designed such that the arc is driven in the same
direction independent of its direction of current, without
requiring special insulating separating walls for this purpose.
Independent of its polarity, the arc can therefore be driven
advantageously quickly into an area of the housing located far
from the contacts with the result that the contacts are exposed
to lower thermal load. As every arc is driven in the same
direction independent of the polarity, a correspondingly com-
pact housing can be used with preferably advantageously
reduced space requirements. A permanent magnetic field is
preferably generated by permanent magnets, to provide a
magnetic field simply and not depending on the current.

The first arc routing arrangement is designed in such a
manner that an arc having a first direction of current is
deflected in a first direction of rotation and driven in the
direction of the quenching area. The second arc routing
arrangement is designed in such a manner that an arc having
a second direction of current is deflected in a direction of
rotation opposite to the first direction of rotation and driven in
the direction of the quenching area. This means that the arc is
deflected and driven in the direction of the quenching area
independent of the direction of current of the arc. In this
design, the distances of travel of the arc to reach the quench-
ing area are preferably the same, to ensure identical switching
characteristics of the switching device in both directions of
current.

It is provided that the fixed contact or fixed contacts is/are
connected to the housing bottom. In this manner an especially
robust switch is preferably obtained, this only being achieved
due to the fact that the arcs can be driven irrespective of
polarity such that they are diverted from the housing bottom
holding the fixed contacts. Therefore the housing bottom is
preferably arranged approximately opposite to the quenching
area, or rather the quenching area stretches adjacently to the
wall of the housing located opposite to the housing bottom.
This relates to a basically rectangular housing, it is transfer-
able though to any other form of housing accordingly. Fur-
thermore, the electrodes leading to the contacts are preferably
installed through the housing bottom.

Moreover, it is provided that a contact piece is driven
through the housing bottom through a flexible gas seal,
wherein the mobile contact is fixed to the contact piece and
can be moved from the outside of the housing. Preferably the
contact piece is implemented as a bridge contact piece hold-
ing two mobile contacts. In case of a double interruption
switching device, there are two mobile contacts arranged on
the bridge contact piece, wherein the bridge contact piece
comprises an actuator which goes through the housing bot-
tom through a flexible gas seal.

In a multi-pole switching device, it is provided that two
bridge contact pieces each comprise an actuator which can be
moved through the housing bottom through a flexible gas
seal, wherein a rigid connection axis between the actuators is
provided outside the housing for the purpose of synchroniza-
tion. In a multi-pole switching device, it can alternatively be
provided that two bridge contact pieces are connected by a
nonconductive bridge piece and are comprise a common
actuator which can be moved through the housing bottom
through a flexible gas seal.

For protection from the effect of the arc, it is preferably
provided that the part of the flexible gas seal facing the bridge
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contact piece is preferably surrounded by a protective shield.
The flexible gas seal is most preferably designed as a bellows
structure, especially made of stainless steel.

According to a further preferred embodiment, it is pro-
vided that the first arc routing arrangement comprises of a first
section for deflecting the arc by approximately 90° and a
second section for driving the arc essentially in a straight line.
In the above presented embodiment of the switching device,
with the fixed contacts arranged on the housing bottom, the
arcs generated between the fixed and the mobile contacts are
first directed approximately in a normal direction to the hous-
ing bottom. The arc can be rotated through a curved first
section of the arc routing arrangement, said first section being
located in a plane that is arranged at a right angle to the
housing bottom, so that the magnetic field lines of the blowout
field are also perpendicular to the field. After rotating by
approximately 90°, the arcs run approximately in parallel
with the housing bottom so that, from here, the arcs can be
moved forward in this second section in a straight line. In this
manner, the entire arc or both base points of the arc, respec-
tively, reach the quenching area essentially at the same time.

Preferably each arc is extended along the arc routing
arrangement by extending the distance between the base
points. Especially the second section of the first arc routing
arrangement is arranged in such a manner that the arc is
extended in the direction of the quenching area, wherein the
alignment of the arc is maintained parallel to the housing
bottom.

For this purpose, it is preferably provided that the first arc
routing arrangement comprises an external guide plate and an
internal guide plate, wherein the external guide plate stretches
from the fixed contact and the internal guide plate stretches
from the mobile contact. In the second section, the external
guide plate preferably runs essentially in parallel with the side
walls of the housing. In the second section, the internal guide
plate most preferably runs in such a manner that the distance
to the external guide plate increases in the direction of the
quenching area. Furthermore, the second arc routing arrange-
ment is preferably designed as a mirror image of the first arc
driver arrangement.

According to a further preferred embodiment, it is pro-
vided that the external guide plates of the first and second arc
routing arrangements make up a U-shape together with the
contact support, wherein the contact support makes up the
base of the U-shape and wherein the fixed contact is arranged
in the area of the base with respect to the U-shape.

Therein, the base of the U-shape has a thickening espe-
cially in the direction of the interior region of the U-shape,
wherein the fixed contact is arranged on this thickened part.

According to a further preferred embodiment, it is pro-
vided that the internal guide plates of the first and second arc
routing arrangements make up a joint structure in the shape of
the contour of an onion.

Furthermore, it is preferably provided that there is a step-
less transition from the respective contact to the guide plate.
For this purpose the border areas of the contacts especially
have a bevel. This allows a quick and harmonic transition of
the arc base points from the contact surfaces to the guide rails,
wherein this advantageously minimizes any material burn-off
caused by the arcs.

According to a further preferred embodiment, it is pro-
vided that 5 each arc routing arrangement is fitted with a
quenching device comprising a multitude of electrically insu-
lating quenching plates arranged in parallel to each other in
the area of the quenching area. The quenching devices are
preferably formed in such a manner that the arc is extended in
a meander shape. For this purpose, it is preferably provided
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that the quenching plates project from an inlet side of the
quenching devices in a varying manner. Additionally or alter-
natively, it is preferably provided that the quenching plates
are alternately shorter and longer. In addition, it is preferably
provided that the quenching plates each have a notch at the
inlet side of the quenching devices, said notch having an
asymmetrical shape and/or being arranged off-center. This
especially results in the fact that the notches of all quenching
plates make up a groove of an irregular course.

According to a further preferred embodiment, it is pro-
vided that the insulating gas is made up of hydrogen or a gas
mixture containing hydrogen.

FIGS. 1 to 3 show the switching device according to the
invention in its various representations, where FIG. 2 and
FIG. 3 do not show a housing 3 of the switching device for the
sake of clarity. FIGS. 1 to 3 are presented jointly below. The
switching device for direct current operation according to the
invention comprises a gastight encapsulated, electrically
insulating housing 3 which can be filled with an insulating
gas. The housing 3 accommodates at least one pair of contacts
15, 21 made up of a fixed contact 15 and a mobile contact 21,
where the two contacts 15, 21 are in contact with each other in
the switched-on state of the switching device and are not in
contact in the switched-off state of the switching device.
Preferably, two such pairs of contacts 15, 21, 15', 21' are
provided for each pole 14 to implement a double interruption.
An arc driver arrangement 81, 82 generates a magnetic field at
least in the area of the pair of contacts 15, 21 or pairs of
contacts 15, 21, 15', 21", especially a homogenous magnetic
field essentially, which is also designated as a blowout field
and is suitable for driving one or a multitude of arcs. A firstarc
routing arrangement 41, 42 is provided to drive an arc pro-
duced between the contacts 15, 21 and having a first direction
of current in the direction of a quenching area 31 of the
housing 3 located at a distance from the contacts. The quench-
ing area 31 refers to an area within the housing 3, which is
located sufficiently far from the contacts 15, 21 to avoid
damage caused to the contacts by the effect ofthe arcs. In case
of the embodiment shown, further measures which will still
be described in more detail are provided in the quenching
areas to extinguish the arc.

According to the invention, a second arc routing arrange-
ment 41', 42' is provided in such a manner that an arc pro-
duced between the contacts 15, 21 and having a second direc-
tion of current opposite to the first direction of current is also
driven in the direction of the quenching area 31. The fixed
contact 15 is connected to the housing bottom 30 which is
arranged approximately opposite to the quenching area 31.
Preferably the quenching area 31 is located adjacent to a
housing wall 33 which is located opposite to the housing
bottom 30. Side walls 32 can be formed integrally with the
housing wall 33.

In the embodiment shown here, the contact system com-
prises a double circuit breaker arrangement with two identical
contacts 15, 15', and a mobile contact piece 20 with two
mobile contacts 21, 21'. The fixed contacts 15, 15' are
designed in such a manner that they consist of a contact
support 11 and a contact plate which are preferably connected
by a flat solder joint. From the contact support 11 two metal 5
strips extend as outer arc deflectors 41 made of copper or a
burn-off resistant metal in opposite directions, in such a man-
ner that they run outwards from the contact support 11, ini-
tially ramped in direction of the base plate 30, and then
gradually run parallel in direction of the longitudinal axis L.
shown in FIG. 3. This arrangement, which thereby forms a
centrally inward dented “U”, on the base 17 of which the fixed
contact 15 is located, functions as an arc guide rail 41 for the
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base points of the arc that are produced on the fixed contacts
when the contact bridge 20 is opened under electrical load.

The contact supports 11 each end in the electrodes 18,
preferably in the form of cylindrical connecting ports 18,
wherein the connecting ports 18 are permanently connected
to the base plate 30 of the hermetically sealed switching
chamber 3, preferably by a solder joint, in such a manner that
they are electrically insulated. Electrical insulation is
achieved in that the base plate 30 is made of insulation mate-
rial, preferably ceramic. The cylindrical connection ports 18
serve as connector to the two power supply lines 14.

In order to achieve as rapid a migration of the switch arc
from the contact pairs 15, 21, 15', 21' as possible under the
influence of a magnetic blowout field, which is described in
detail below, the lateral surfaces 16 of the contacts 15 in the
direction of the arc guide rails 41, 41' are preferably bevelled
or chamfered in such a manner that a stepless transition is
possible from contact 15, 21, 15', 21" to guide rails 41, 42, 41",
42'which favors a rapid burn-oft-free migration of the switch-
ing arcs of the contacts 15, 21, 15', 21'. The U-shaped arc
guide rail arrangements 41, 41' of the two fixed contacts 15,
15" are parallel to each other. Electrical connection of the two
fixed contacts 15, 15' is achieved through the bridge contact
piece 20, consisting of a carrier part each with a mobile
contact 21, 21' on both ends, which are preferably connected
to the carrier part by flat solder joints. In order to actuate the
bridge contact piece 20, it is permanently connected in its
center to a cylindrical switching axis as actuator 22, which
consists, at least partially, of insulating material and is mov-
able in the direction of the double arrow P along the axis L.
The movability of the bridge contact piece 20 in the interior
region of the gastight switching chamber 3 is ensured through
bellows 24, preferably made of stainless steel, which is pref-
erably located in the interior region of the switching chamber
3 wherein its one narrow side is connected to the base plate 30
and its other narrow side is connected to a connecting plate 23
which is permanently connected to the bridge contact piece
20 in a gastight manner via a circumferential solder joint. In
order to protect the thin-walled bellows 24 against the effects
of'individual stray arcs, that part of the bellows 24 which faces
the bridge contact piece 20 is concentrically covered by a
protective shield 26 preferably made of metallic material. The
protective shield 26 is preferably connected to the connecting
plate 23 of the bridge contact piece 20 through a solder joint.
In order to shunt and conduct the bridge-side base points
which are under the load of the two developing partial arcs
when the switching contacts 15, 21 are opened, two arc
deflectors 42, 42' having the form of metal strips made of
copper or burn-off resistant metal start from each bridge
contact 21, 21' and extend in opposite directions (in analogy
to the fixed contacts 15, 15'), this being done in such a manner
that they initially extend at a slanted angle towards the contact
backside and outwards, then at a slanted angle back inwards,
until both ends finally end in a parallel direction to each other.
The form of the arc guide rails 42, 42' on the jumper side
described above has more or less the profile of an onion.
Herein, the bridge-side guide rails 42, 42' are positioned in
one plane with the fixed contact-side guide rails 41, 41' in
such a manner that the rails 41, 42 which are each associated
with a the contact pair 15, 21 extend in one plane, wherein
both planes of the contact pairs are parallel to each other on
their part. This results in a continuously diverging guide rail
arrangement, with the help of which an arc moving away from
a contact pair 15, 21 under the influence of a magnetic blow-
out field is expanding wherein the arc voltage increases con-
tinuously. In an atmosphere of hydrogen or a gas mixture
containing hydrogen, the expansion of the arc results in an arc
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voltage that is several times higher so that enables a very
efficient quenching of the arc. In the same manner as in the
fixed contact arrangement 15, 15', a stepless transition can
also be achieved in the mobile contacts 21, 21' by means of a
chamfer of the lateral surfaces 16 of the contacts 21, 21" in the
direction of the arc guide rails 42, 42', which favors a rapid
low-burn-off migration of the arc from the contacts 21, 21'.

The switching chamber described in FIGS. 1 to 3 has a
mirror symmetrical structure in such a manner that, due to the
effect of the homogeneous magnetic field acting there, the
two partial arcs which are produced when the two contact
pairs 15, 21, 15', 21' are opened are always moved away
homogeneous from the contact independent of the 35 current
flow direction, each along one of the two diametrically oppo-
site guide rail arrangements 41, 42, 41', 42' under continuous
expansion, until the arcs meet the meander chamber 50 dis-
posed at the end of the diverging guide rail pair, where they
are further elongated due to their geometry and are extin-
guished there at the latest, which will be discussed in depth
later. For rapid forward movement and for extinguishing the
switching arcs produced due to opening of the contacts 15, 21,
15', 521", the switching chamber—or at least the part directly
affected by the arc—is located in a largely homogeneous
magnetic field. Most conveniently used for this purpose, as
shown in FIGS. 2 and 3, is a plate-shaped pair of permanent
magnets 81, 82, which are arranged in the correct magnetic
polarity parallel to each other in such a manner that the field
lines run largely perpendicular to the planes spread by the arc
guide rails 41, 42, 41', 42'. Alternatively, to generate a homo-
geneous permanent magnetic field, a ferromagnetic arrange-
ment of parallel pole plates can be used, which are connected
to one or more permanent magnets of sufficient field strength
in an appropriate manner. In principle, a permanent magnet
arrangement can be found both inside and outside the encap-
sulated switching chamber 3. In order to implement as com-
pact and cost-effective a switching chamber as possible, it is
appropriate to dispose the permanent magnet arrangement
outside the switching chamber.

In order to further elongate the arc, the latter is driven into
what is called a meander chamber under the influence of a
permanent magnetic blowout field, said meander chamber
constituting a quenching device 50 which is described below
with respect to FIGS. 4 and 5. The meander chamber 50
consists of a stacked arrangement of plates 71, 72, 73, 74
made of a burn-off-resistant insulation material, preferably
ceramic, said plates being spaced apart from each other by a
defined distance and fixed in position in a frame that is also
made of insulation material, in analogy with the deionising
chambers frequently used when switching in air is required.
In an advantageous embodiment of the meander chamber 50
and as shown in FIG. 4, the leading edges of this stack
arrangement facing the switching arc are not arranged along
a straight line, but the end faces of the respectively adjacent
plates 71, 72, 73, 74 are arranged such that they are offset to
each other in the direction of travel of the arc front. Alterna-
tively, the stack arrangement can be made up of plates of
different lengths, in such a manner that, here as well, a shorter
plate is followed by a longer plate and vice versa, so that the
end faces of respectively adjacent plates are arranged offset to
each other in the direction of travel of the arc front. Unlike a
deionization chamber in which the switching arc is divided
into a multitude of individual partial arcs whose arc length in
each case corresponds to the clear distance between adjacent
quenching plates, wherein the total arc voltage generated in
the deionizing chamber is the sum of the voltages of all partial
arcs, the arc is not divided when it enters the meander cham-
ber but is specifically extended by clinging to the individual
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chamber plates 71, 72, 73, 74 as well as by the bulge into the
space between the plates caused by the blowout fields. Plate
arrangement in the direction of travel of the arc front in the
form just explained therefore results in an additional elonga-
tion of the arc. Additional amplification of the arc bulge is
possible, as shown in FIG. 5, through an asymmetric indent of
the meander-plates 71, 72, 73, 74 on the narrow side facing
the arc front, wherein the indents 71', 72', 73", 74' of the
respectively adjacent plates 71, 72, 73, 74 are always offset to
each other. As a result, such a meander chamber 50 design,
with the diverging arc guide rail arrangement 41, 42 as well as
the plates 71, 72, 73, 74 which are offset to each other in the
travel direction of the arc, causes an even increased bulge of
the switching arc, which represents an efficient method for
increasing the arc voltage and therefore as quickly an extin-
guishing of the switching arc as possible in a switching cham-
ber area with hydrogen or a hydrogen-containing gas mixture.

The embodiments of a gas-encapsulated switching device
described so far were related to polarity-independent, single-
pole configurations. With the same basic structure, two or
multi-pole switching devices can also be implemented, which
will be explained in more detail with reference to FIGS. 6 and
7. This can be done in such a manner that the switching
arrangements 1, 2 of the individual poles 14, 14' are housed in
the same gas-encapsulated switching chamber 3, wherein the
switching arrangements 1, 2 of the individual poles are pro-
tected against any arc influence of the neighboring poles
either via suitably arranged partition panels or by distances
which are sufficient in size. Herein, the movement of the
individual bridge contact pieces 20, 20' can be synchronized
in two ways: either the bridge contact pieces 20, 20' are
disposed in a common jumper of insulating material (not
shown) which can be moved via a common bellows that is
mounted in a gastight manner outside the switching chamber
in the same manner as in case of the single-pole embodiment
already described. In the second variation, as shown in FIGS.
6 and 7, each pole has its own mobile switching axis 22, 22',
each provided with a bellows 24, 24' which is sealed against
the control chamber 3 in a gastight manner. Herein, the syn-
chronization of the two switching axes 22, 22' takes place
from the outside of the switching chamber 3 by a rigid con-
nection axis 90 between the switching axes that can be moved
in the direction of the double arrow P. A multi-pole embodi-
ment can also be achieved in such a manner that the switching
arrangements are for each pole accommodated in separate
chambers each of which is hermetically sealed (not shown),
wherein there is a separate linear feedthrough for the jumpers
of'each pole, said linear feedthrough being sealed against the
bellow and being synchronized via a rigid connection axis as
has just been described above.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration and description are to be considered illustrative or
exemplary and not restrictive. It will be understood that
changes and modifications may be made by those of ordinary
skill within the scope of the following claims. In particular,
the present invention covers further embodiments with any
combination of features from different embodiments
described above and below. Additionally, statements made
herein characterizing the invention refer to an embodiment of
the invention and not necessarily all embodiments.

The terms used in the claims should be construed to have
the broadest reasonable interpretation consistent with the
foregoing description. For example, the use of the article “a”
or “the” inintroducing an element should not be interpreted as
being exclusive of a plurality of elements. [ikewise, the reci-
tation of “or” should be interpreted as being inclusive, such
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that the recitation of “A or B” is not exclusive of “A and B,”
unless it is clear from the context or the foregoing description
that only one of A and B is intended. Further, the recitation of
“at least one of A, B, and C” should be interpreted as one or
more of a group of elements consisting of A, B, and C, and
should not be interpreted as requiring at least one of each of
the listed elements A, B, and C, regardless of whether A, B,
and C are related as categories or otherwise. Moreover, the
recitation of “A, B, and/or C” or “at least one of A, B, or C”
should be interpreted as including any singular entity from the
listed elements, e.g., A, any subset from the listed elements,
e.g., A and B, or the entire list of elements A, B, and C.

LIST OF REFERENCE SYMBOLS

1, 2 Switching apparatus

3 Housing

11 Switching unit

14, 14' Poles, connections

15, 15' Fixed contacts

16 Lateral surfaces, chamfer

17 Base

18 Electrodes

20, 20' Contact pieces, bridge contact pieces, jumpers

21, 21' Mobile contacts

22, 22' Actuator

23 Connecting plate

24, 24' Flexible gas seals, bellows

26 Shield

30 Base plate

31 Quenching area

30 Side wall

33 Housing wall

41 Outer baftle plate of the first arc routing arrangement

41' Outer baftle plate of the second arc routing arrangement

42 Inner baffle plate of the first arc routing arrangement

42' Inner baffle plate of the second arc routing arrangement

50 Quenching device

71, 72, 73, 74 Quenching plates

81, 82 Permanent magnets

90 Connection

P, L Double arrow, longitudinal direction

The invention claimed is:

1. A switching device suitable for direct current operation,

the device comprising:

a gas-tight encapsulated, electrically insulating housing
configured to be filled with an insulating gas;

a pair of contacts disposed in the housing, the contacts
including a fixed contact and a mobile contact, the pair
of contacts being in contact with each other in a
switched-on state of the switching device, and the pair of
contacts being not in contact in a switched off state of the
switching device;

an arc driver arrangement configured to produce a mag-
netic field at least in the region of the contact pair;

afirst arc routing arrangement with which an arc, produced
between the contacts, is guidable in a first current direc-
tion to a quenching area of the housing, the quenching
area being arranged at a distance from the pair of con-
tacts; and

a second arc routing arrangement, provided such that an arc
produced between the contacts is routed in a second
current direction opposite to the first current direction in
the direction of the quenching area,

wherein each arc routing arrangement comprises an exter-
nal guide plate that stretches from the fixed contact and
an internal guide plate that stretches from the mobile
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contact, and the distance between the external guide
plate and the internal guide plate increases in the direc-
tion of the quenching area,

wherein the fixed contact is connected to a housing bottom,

wherein the housing bottom is arranged opposite to the

quenching area,

and

wherein a bridge contact piece, on which the mobile con-

tact is disposed, includes an actuator, the actuator being
driven through the housing bottom through a flexible gas
seal.

2. The device of claim 1, wherein the device is a multi-pole
switching device, comprising:

two bridge contact pieces each including an actuator con-

figured to be moved, via a flexible gas seal, through the
housing bottom; and

a rigid connecting axis, provided between the actuators

outside the housing for synchronization.

3. The device of claim 1, wherein the first arc routing
arrangement includes a first section configured to deflect the
arc by about 90° and a second section configured to route the
arc in an essentially straight path.

4. The device of claim 1, comprising a stepless transition
from each contact to its respective arc routing arrangements.

5. The device of claim 1, comprising, for each arc routing
arrangement, a quenching device including a multitude of
electrically insulating-quenching plates that are arranged par-
allel to each other, provided in the region of the quenching
area.

6. The device of claim 5, wherein the quenching devices are
shaped in such a manner that the arc expands in a meandering
form.

7. The device of claim 1, wherein the switching device is a
double interruption switching device, comprising two mobile
contacts arranged on the bridge contact piece.

8. The device of claim 1, wherein the first arc routing
arrangement includes a first section configured to deflect the
arc by 90° and a second section configured to route the are in
a straight path.

9. A switching device suitable for direct current operation,
the device comprising:

a gas-tight encapsulated, electrically insulating housing

configured to be filled with an insulating gas;

a pair of contacts disposed in the housing, the contacts

including a fixed contact and a mobile contact, the pair
of contacts being in contact with each other in a
switched-on state of the switching device, and the pair of
contacts being not in contact in a switched off-state of
the switching device;

an arc driver arrangement configured to produce a mag-

netic field at least in the region of the contact pair;
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afirst arc routing arrangement with which an arc, produced
between the contacts, is guidable in a first current direc-
tion to a quenching area of the housing, the quenching
area being arranged at a distance from the pair of con-
tacts; and

a second arc routing arrangement, provided such that an arc
produced between the contacts is routed in the first cur-
rent direction opposite to a second current direction in
the direction of the quenching area,

wherein the fixed contact is connected to a housing bottom,

wherein the housing bottom is arranged opposite to the
quenching area,

wherein the bridge contact piece includes an actuator, the
actuator being driven through the housing bottom
through a flexible gas seal,

wherein external guide plates of the first and second arc
routing arrangements form a U-shape together with a
contact support,

wherein the contact support forms a U-shaped base, and

wherein the fixed contact is arranged in the interior region
of the area of the base.

10. A switching device suitable for direct current operation,

the device comprising:

a gas-tight encapsulated, electrically insulating housing
configured to be filled with an insulating gas;

a pair of contacts disposed in the housing, the contacts
including a fixed contact and a mobile contact, the pair
of contacts being in contact with each other in a
switched-on state of the switching device, and the pair of
contacts being not in contact in a switched off-state of
the switching device;

an arc driver arrangement configured to produce a mag-
netic field at least in the region of the contact pair;

afirst arc routing arrangement with which an arc, produced
between the contacts, is guidable in a first current direc-
tion to a quenching area of the housing, the quenching
area being arranged at a distance from the pair of con-
tacts; and

a second arc routing arrangement, provided such that an arc
produced between the contacts is routed in the first cur-
rent direction opposite to a second current direction in
the direction of the quenching area,

wherein the fixed contact is connected to a housing bottom,

wherein the housing bottom is arranged opposite to the
quenching area,

wherein the bridge contact piece includes an actuator, the
actuator being driven through the housing bottom
through a flexible gas seal, and

wherein internal guide plates of the first and second arc
routing arrangements together form an onion contour
shape.



